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Abstract

To investigate whether risk factors for keratinocyte carcinomas (KCs), namely pig-
mentary traits and sun exposure, are associated with risk of non-Hodgkin's lympho-
mas (NHL) and chronic lymphocytic leukemia (CLL). E3N is a prospective cohort of
French women aged 40—65 years at inclusion in 1990. Cancer data were collected at
baseline and updated every 2-3 years. Hazard Ratios (HRs) and 95% confidence in-
tervals (CIs) for associations between pigmentary traits and sun exposure, and
risk of CLL/NHL were estimated using Cox models. With a median follow-up of
24 years, 622 incident cases of CLL/NHL were ascertained among the 92,097 in-
cluded women. The presence of nevi was associated with CLL/NHL risk: HR for
“many or very many nevi” relative to “no nevi”: 1.56 [1.15; 2.11]. Such association
with number of nevi appears to be mostly limited to risk of CLL: HR for “many or
very many nevi”: 3.00 [1.38; 6.52]; versus 1.32 [0.94; 1.84] for NHL. Women whose
skin was highly sensitive to sunburn also had a higher risk of CLL: HR = 1.96 [1.21;
3.18], while no increase in risk of NHL was observed. Skin or hair color, number
of freckles, and average daily ultraviolet (UV) dose during spring and summer in
location of residence at birth or at inclusion (kJ/mz) were not associated with CLL/
NHL risk. Some pigmentary traits (presence of nevi and skin sensitivity), but not sun
exposure, were associated with CLL/NHL. These observations suggest that CLL may

share some constitutional risk factors with keratinocyte cancers.
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1 | INTRODUCTION

Chronic lymphocytic leukemia (CLL) and non-Hod-
gkin's lymphoma (NHL) are among the
common hematologic cancers. After a sharp increase be-
tween 1975 and 2000, their incidence has been stable
since the beginning of the 2000s in France and other
Northern countries. Main risk factors include exposure
to pesticides, being a farmer, chronic viral infections
with Human Immunodeficiency Virus (HIV) or hepatitis
B or C viruses, and autoimmune diseases.! Genome-Wide
Association Studies (GWAS) have identified several poly-
morphisms that modulate the risk of CLL and NHL.*?
Keratinocyte carcinomas (basal-cell carcinoma (BCC)
and squamous-cell carcinoma (SCC)) are the most com-
mon cancers worldwide, and their incidence has been
increasing for several decades. Several risk factors have
been well established for these cancers, such as chronic
exposure to ultraviolet (UV) radiation, a fair pigmenta-
tion, presence of nevi, and a family history of keratinocyte
carcinomas.*> The incidence of keratinocytes carcino-
mas (KCs) is also increased in patients with immune de-
ficiency, especially after organ transplantation.® Genetic
predisposition factors have also been identified in several
studies, including genome-wide association studies.”®

Several epidemiological studies have reported associ-
ations between CLL/NHL and KCs, toward an increased
risk of KCs following a diagnosis of CLL/NHL>' or con-
versely.” There is also a known epidemiological associa-
tion between CLL/NHL and melanoma.'? Moreover, the
risk factors for cutaneous carcinoma and melanoma are
similar. KCs diagnosed in patients with previous lym-
phoid malignancies have been shown to be more aggressive
and to have increased rates of recurrence, metastasis, and
mortality.”'? Similarly, lymphoid malignancies diagnosed
in patients with previous KCs are associated with higher
rates of progression and recurrence.'* While the occurrence
of a lymphoid malignancy as well as the administration of
chemotherapy is associated with an immune deficiency
likely to increase the risk of KCs, there is no obvious rea-
son for the higher risk of CLL/NHL after prior diagnosis
of KCs. Few studies explored potentially shared risk fac-
tors between KCs and CLL/NHL. Unlike KCs, for which
the incidence increases with sun exposure, the incidence of
CLL and NHL appears to be inversely associated with sun
exposure,15 although some studies have published conflict-
ing results.'®!” We investigated whether KCs risk factors,
namely pigmentary traits and sun exposure, were associ-
ated with CLL/NHL risk in the French E3 N prospective
cohort.
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2 | METHODS

2.1 | The E3N cohort

E3N (Emude Epidémiologique auprés de femmes de

I’Education Nationale) is a prospective cohort study involv-
ing 98,995 women aged 40-65 years, living in metropolitan
France at inclusion in 1990 and insured by the Mutuelle gé-
nérale de I’Education nationale, a national health scheme
covering workers from the National Education System
and their families."® Women were recruited after respond-
ing to a baseline self-completed questionnaire on their
lifestyle and medical background along with a signed in-
formed consent. Tracking questionnaires were sent every
two to three years since inclusion. The project obtained ethi-
cal support from the French National Commission for Data
Protection and Privacy (Commission Nationale Informatique
et Libertés (CNIL)).

2.2 | Ascertainment of CLL/NHL cases
Medical data were collected at baseline and at each follow-
up questionnaire in the cohort. CLL/NHLs were categorized
according to the classification of lymphoid neoplasms for
epidemiologic research from the Pathology Working Group
of the International Lymphoma Epidemiology Consortium
(InterLymph).19 Occurrence of cancer was based on self-
reports from the questionnaires repeated every two to three
years, next-of-kin spontaneous reports, and the national
cause-of-death registry then validated through medical and
pathology records. Cases that were ascertained only through
death certificates were censored as non-cases at the most re-
cent completed questionnaire. So far, 82.5% of CLL/NHL
cases were confirmed by pathology reports, medical re-
cords or death certificates.

2.3 | Study population

CLL/NHL cases diagnosed during the 1990-2014 period
were defined as incident cases. 2014 corresponded to the 11th
questionnaire sent. To study the association between KC risk
factors and CLL/NHL risk, we excluded from the original
study population (n = 98,995) women with any cancer diag-
nosed before inclusion (with the exception of basal cell car-
cinoma and in situ colorectal tumor) (n = 4,848) and women
lost to follow-up after they answered the inclusion ques-
tionnaire (n = 2,050). Our final sample for analysis
consisted of 92,097 women.
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2.4 | Assessment of exposure

In E3N, the baseline questionnaire inquired about self-re-
ported pigmentary characteristics including hair color (albi-
nos, blond, red, chestnut, brown, and dark), skin complexion
(albinos, very fair, fair, medium, dark, and very dark), num-
ber of nevi and number of freckles (none, few, many, and
very many, for both), and skin sensitivity to sun exposure
(low, moderate, and high). The questionnaire also inquired
about places of birth and places of residence at baseline, which
were linked to a database from the Joint Research Center of the
European Commission (JRC) that contains average daily UV
radiation doses (in kilojoules by square meter) in France™ to
estimate average level of sun exposure.

2.5 | Statistical analyses

We used Cox proportional hazards regression models strati-
fied by birth generation with age as the time scale to com-
pute hazard ratios (HRs) and 95% confidence intervals
(CIs) for associations between pigmentary traits and CLL/
NHL risk. Follow-up time started at baseline in 1990 and
ended at the earliest of the following times: date of the first
diagnosis of cancer (with the exception of basal cell carcinoma
and in situ colorectal tumor), date of last completed question-
naire until November 2014. Multivariable analyses of the main
exposure variables were conducted when the p-values of the
univariate associations were below 0.20. We also ran a sensi-
tivity analysis sub-setting the CLL/NHL cases that were veri-
fied by medical records. The proportional hazard hypothesis
was verified for all variables of interest using log-log survivor
plots. We have found no evidence of non-proportional haz-
ards. All tests of statistical significance were two-sided, and
significance was set at the 0.05 level. All analyses were per-
formed using the SAS system, version 9.4 (SAS Institute).

3 | RESULTS
During follow-up (median time of 24 years), 622 in-
cident cases of CLL/NHL were ascertained among
the 92,097 E3N women included in the study. More pre-
cisely, there were 144 cases of CLL and 478 cases of NHL.
Among the most commonly represented NHL subtypes, they
were 108 diffuse large B-cell lymphomas (DLBCL), 106 fol-
licular lymphoma (FL), 57 marginal zone lymphoma
(MZL), 30 Waldenstrom macroglobulinemia (WM), 12 T-cell
Lymphoma, and 11 mantle cell lymphoma (MCL). The mean
age at diagnosis of CLL/NHL was 65.8 years (65.9 years for
CLL and 65.6 years for NHL). (Table 1).

The presence of nevi was associated with CLL/NHL risk:
HR for nevi frequency compared to no nevi was 1.42 [1.04;
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1.94] for few and 1.56 [1.15; 2.11] for many or very many
nevi, p-trend = 0.007. (Table 2) Associations with nevi
frequency were mostly observed with CLL for which a
linear trend was observed (few: HR = 1.86 [0.84; 4.15];
many or very many: HR = 3.00 [1.38; 6.52]; vs. none; p-
trend = 0.0003). Associations with NHL were lower
and not statistically significant (few: HR = 1.34 [0.96; 1.88];
many or very many: HR = 1.32 [0.94; 1.84]; vs. none; p-
trend = 0.26). We also studied this association specif-
ically in the DLBCL and FL subgroups. There was no
association between number of nevi and DLBCL or FL.
(Table S1). We found no association between a high skin
sensitivity to sunlight and the risk of CLL/NHL over-
all (HR = 1.08 [0.87; 1.35]). However, women whose
skin was highly sensitive to sunburn were at a higher risk of
CLL (HR =1.96 [1.21; 3.18]), while no increase in NHL risk
was observed (HR = 0.92 [0.72; 1.17]). Skin or hair color,
number of freckles, and average daily ultraviolet (UV) dose
during spring and summer in location of residence at birth
or at inclusion (kJ/mz) were not associated with CLL/NHL
risk. There was some non-statistically significant inverse asso-
ciation between levels of residential sun exposure at baseline
and CLL/NHL risk: (HR = 1.06 [0.85; 1.33] for the second
quartile of exposure relative to the first; HR = 0.98 [0.78; 1.2
4] for the third quartile; HR = 0.90 [0.72; 1.14] for the fourth
quartile, p- trend = 0.42). The sensitivity analysis, restricted
to the 82.5% of cases confirmed by medical records, did not
modify the results. (Table S2).

Moreover, a multivariable analysis was performed for the
CLL category and included "number of nevi" and "skin sen-
sitivity to sunlight." The associations remained highly signif-
icant. (Table 3).

4 | DISCUSSION

This study investigated whether risk factors for keratino-
cyte carcinomas (KCs), namely pigmentary traits and sun
exposure, were associated with risk of CLL/NHL. Nevi fre-
quency and skin sensitivity were associated with CLL risk.
In contrast, there was a trend toward an inverse association
between UV exposure and risk of CLL/NHL.

The association between number of nevi and risk of CLL/
NHL could be explained by common constitutional risk fac-
tors. Even if childhood sun exposure plays a role in nevus ac-
quisition,zl’22 twin studies have congruently shown genetic
heritability of number of nevi with an estimated 40%—80% of
the variance in nevus counts being assignable to genetic ex-
planations.23 Our findings, therefore, support the hypothe-
sis of a genetic mechanism contributing to the association
between nevi and CLL/NHL. Interestingly, whole-genome
studies suggest the contribution of genetic factors com-
mon to both types of cancer.”* A previous study reported
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TABLE 1 Characteristics of study participants, E3N cohort 1990-2014 (N = 92,097)
Case of NHL or CLL
All (N = 92,097) Yes (N = 622) No (N = 91,475)
Birth generation
<1935 18,559 (20.1) 189 (30.4) 18,370 (20.1)
[1935; 1940] 17,226 (18.7) 142 (22.8) 17,084 (18.7)
[1940; 1945] 22,331 (24.3) 137 (22.0) 22,194 (24.3)
>1945 33,981 (36.9) 154 (24.8) 33,827 (37.0)
Skin complexion
Albinos, fair or very fair 52,866 (57.4) 345 (55.5) 52,521 (57.4)
Medium, dark or very dark 37,327 (40.5) 264 (42.4) 37,063 (40.5)
Missing value 1904 (2.1) 13 (2.1) 1891 (2.1)
Hair color
Albinos, blond or red 10,787 (11.7) 58(9.3) 10,729 (11.7)
Chestnut 53,882 (58.5) 378 (60.8) 53,504 (58.5)
Brown or dark 25,732 (27.9) 174 (28.0) 25,558 (27.9)
Missing value 1696 (1.9) 12(1.9) 1684 (1.9)
Number of nevi
Many or very many 47,807 (52.0) 328 (52.8) 47,479 (51.9)
A few 33,279 (36.1) 231 (37.1) 33,048 (36.1)
None 9066 (9.8) 48 (7.7) 9018 (9.9)
Missing value 1945 (2.1) 15 (2.4) 1930 (2.1)
Number of freckles
Many or very many 31,242 (33.9) 214 (34.4) 31,028 (33.9)
A few 22,153 (24.1) 145 (23.3) 22,008 (24.1)
None 35,950 (39.0) 244 (39.2) 35,706 (39.0)
Missing value 2752 (3.0) 19 (3.1) 2733 (3.0)
Skin sensitivity to sunlight
High 26,012 (28.2) 183 (29.4) 25,829 (28.2)
Moderate 43,105 (46.8) 275 (44.2) 42,830 (46.8)
Low 21,075 (22.9) 149 (24.0) 20,926 (22.9)
Missing value 1905 (2.1) 15 (2.4) 1890 (2.1)
Average daily UV dose during spring and summer in location of residence at birth (in kJ/m?)
<2.36 20,036 (21.8) 124 (19.9) 19,912 (21.8)
[2.36;2.48] 21,901 (23.8) 157 (25.2) 21,744 (23.8)
[2.48; 2.69] 20,154 (21.9) 158 (25.4) 19,996 (21.9)
>2.69 22,365 (24.3) 134 (21.6) 22,231 (24.2)
Missing value 7641 (8.2) 49 (7.9) 7592 (8.3)
Average daily UV dose during spring and summer in location of 2.5(0.2) 2.5(0.2) 2.5(0.2)
residence at birth (in kJ/mz) (N = 84,456)
Average daily UV dose during spring and summer in location of residence at inclusion (in kJ/m?)
<2.36 20,128 (21.9) 133 (21.4) 19,995 (21.9)
[2.36; 2.48] 25,685 (27.9) 184 (29.6) 25,501 (27.9)
[2.48;2.70] 22,918 (24.9) 156 (25.1) 22,762 (24.9)
>2.70 23,339 (25.3) 149 (24.0) 23,190 (25.4)
Missing value 27 (<0.1) 0 (<0.1) 27 (<0.1)
Average daily UV dose during spring and summer in location of 2.6 (0.3) 2.5(0.3) 2.6 (0.3)

residence at inclusion (in kJ/m2) (N =92,070)

N(%) and p-value of Khi-2 test for categorical variables. Mean (STD) and logistic regression test for continuous variables.

Abbreviations: kJ/m?, kilojoules by square meter; UV; ultraviolet.



GARCIN ET AL.

.. 301
Cancer Medicine —WlLEYJ—

TABLE 2 Association between KC risk factors and risk of CLL/NHL; E3N cohort 1990-2014 (n = 92,097)*

CLL/NHL NHL CLL
Number of Number of Number of
cases (%) cases (%) cases (%)
N =622 HR [95% CI] N =478 HR [95% CI] N =14 HR [95% CI]
Skin sensitivity to sunlight
Low 149 (23.95) Reference 125 (26.15) Reference 24 (16.67) Reference
Moderate 275 (44.21) 0.95[0.77; 1.16] 215 (44.98) 0.88 [0.70; 1.09] 60 (41.67) 1.30 [0.81; 2.10]
High 183 (29.42) 1.08 [0.87; 1.35] 131 (27.41) 0.92[0.72; 1.17] 52 (36.11) 1.96 [1.21; 3.18]
p-trend 0.41 0.53 0.004
Number of nevi
None 48 (7.72) Reference 41 (8.58) Reference 7 (4.86) Reference
A few 231 (37.14) 1.42[1.04; 1.94] 188 (39.33) 1.34 [0.95; 1.88] 43 (29.86) 1.86 [0.84; 4.15]
Many or very 328 (52.73) 1.56 [1.15; 2.11] 241 (50.42) 1.32[0.94; 1.84] 87 (60.42) 3.00 [1.38; 6.52]
many
p-trend 0.007 0.26 0.0003
Skin complexion
Albinos, fair or 345 (55.47) Reference 263 (55.02) Reference 82 (56.94) Reference
very fair
Medium, dark 264 (42.44) 1.05[0.89; 1.23] 209 (43.72) 1.09 [0.91; 1.30] 55(38.19) 0.91 [0.65; 1.28]
or very dark
p-trend 0.59 0.36 0.59
Hair color
Albinos, blond 58 (9.32) Reference 47 (9.83) Reference 11 (7.64) Reference
or red
Chestnut 378 (60.77) 1.28 [0.97; 1.68] 288 (60.25) 1.20 [0.88; 1.64] 90 (62.50) 1.59 [0.85; 2.98]
Brown or dark 174 (27.97) 1.24[0.92; 1.67] 138 (28.87) 1.21 [0.87; 1.69] 36 (25.00) 1.35 [0.69; 2.66]
p-trend 0.34 0.36 0.75
Number of freckles
None 244 (39.23) Reference 194 (40.59) Reference 50 (34.72) Reference
A few 145 (23.31) 0.98 [0.80; 1.20] 110 (23.01) 0.9310.74; 1.18] 35 (24.31) 1.16 [0.75; 1.78]
Many or very 214 (34.41) 1.05[0.87; 1.26] 163 (34.10) 1.00 [0.81; 1.23] 44 (30.56) 1.23[0.83; 1.81]
many
p-trend 0.65 0.96 0.30
Average daily UV dose during spring and summer in location of residence at birth (kJ/m?)
Quartile 1: 124 (19.94) Reference 89 (18.62) Reference 35 (24.31) Reference
<2.36
Quartile 2: 157 (25.24) 1.15[0.91; 1.45] 119 (24.90) 1.21 [0.92; 1.59] 38 (26.39) 0.99 [0.62; 1.56]
2.36-2.48
Quartile 3: 158 (25.40) 1.23 [0.97; 1.56] 127 (26.57) 1.38 [1.05; 1.81] 31 (21.53) 0.86 [0.53; 1.39]
2.48-2.69
Quartile 4: 134 (21.54) 0.95[0.74; 1.21] 101 (21.13) 1.00 [0.75; 1.33] 33 (22.92) 0.83[0.52; 1.34]
>2.69
p-trend 0.91 0.67 0.33
Average daily UV dose during spring and summer in location of residence at inclusion (kJ/m?)
Quartile 1: 133 (21.38) Reference 103 (21.55) Reference 30 (20.83) Reference
<2.36

(Continues)
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TABLE 2 (Continued)
CLL/NHL NHL CLL
Number of Number of Number of
cases (%) cases (%) cases (%)
N = 622 HR [95% CI] N =478 HR [95% CI] N =144 HR [95% CI]
Quartile 2: 2.36 184 (29.58) 1.06 [0.85; 1.33] 139 (29.08) 1.04 [0.80; 1.34] 45 (31.25) 1.15[0.73; 1.83]
-2.48
Quartile 3: 2.48 156 (25.08) 0.98 [0.78; 1.24] 121 (25.31) 0.98 [0.76; 1.28] 35 (24.31) 0.97 [0.60; 1.58]
-2.69
Quartile 4: 149 (23.95) 0.90 [0.72; 1.14] 115 (24.06) 0.90 [0.69; 1.18] 34 (23.61) 0.91 [0.56; 1.48]
>2.69
p-trend 0.42 0.64 0.41

Adjusted for age (as the time-scale), stratified by birth generation (< 1930, [1930; 1935], [1935; 1940], [1940; 1945], >1945). Significance, indicated in bold values,

was set at the 0.05 level.

Abbreviations: CI, Confidence Interval; HR, Hazard-Ratio; kJ/m?, kilojoules by square meter; UV, ultraviolet.

*For cases of CLL or NHL, totals do not add up because the category of missing values for each factor was not included in the table. There were 15 (2.41%) for skin
sensitivity to sunlight; 15 (2.41%) for number of nevi; 13 (2.09%) for skin complexion; 12 (1.93%) for hair color; 19 (3.05%) for number of freckles; 49 (7.88%) for the
average UV dose during spring and summer in location of residence at birth and no cases with missing values for the average UV dose during spring and summer in

location of residence at inclusion.

associations between several genetic variants associated with
the risk of KCs and the risk of CLL, and conversely.”> In par-
ticular, the strongest associations were observed within the
IRF4 gene locus (6p25.3), whose polymorphisms have also
been associated with skin color in whole-genome stud-
ies,” and with CLL risk. These results raise the hypothesis
of a pleiotropic effect of these genes on the pathogenesis
of KCs and lymphoid malignancies. Similarly, there are prob-
ably common signaling pathways between CLL/NHL and
melanoma. The bcl-2 oncogene, an inhibitor of apoptosis,
is overexpressed in many lymphomas as well as in mela-
nomas.”” The gene pl6 may also potentially be involved in

CLL Number of cases (%)
N =14
Skin sensitivity to sunlight
Low 24 (16.67)
Moderate 60 (41.67)
High 52 (36.11)
p-trend
Number of nevi
None 7 (4.86)
A few 43 (29.86)
Many or very many 87 (60.42)

p-trend

the occurrence of these malignancies since it inhibits the cy-
clin-dependent kinase CDK4 (CD4 K and CDKN2A being
known melanoma susceptibility genes) and since some muta-
tions of p16 were reported in different types of lymphoma.12

Our study had several strengths, particularly its prospec-
tive design, large sample size, over 25 years of follow-up,
detailed assessment of risk factors for KCs through a base-
line questionnaire collecting information on both pigmen-
tary traits (number of nevi and freckles, skin and hair color,
and skin sensitivity to sun exposure), and environmental
factors (average level of sun exposure). A limitation of the
study includes self-declaration of number of nevi using a

TABLE 3 Association between

2 G

“number of nevi,” “skin sensibility

HR [95% CI] . .
to sunlight” and risk of CLL; E3N
cohort 1990-2014 (n = 92,097)—
Reference MULTIVARIABLE ANALYSIS

1.27 [0.79; 2.04]
1.91[1.18;3.11]
0.005

Reference

1.90 [0.85; 4.23]
3.00 [1.38; 6.50]
0.0004

Adjusted for age (as the time-scale), stratified by birth generation (<1930, [1930; 1935],
[1935; 19401, [1940; 1945], >1945). Significance, indicated in bold values, was set at the 0.05 level.

Abbreviations: CI, Confidence Interval; HR, Hazard-Ratio.

*For cases of CLL, totals do not add up because the category of missing values for each factor was not
included in the table. There were 8 (5.56%) for skin sensitivity to sunlight; 7 (4.86%) for number of nevi.



GARCIN ET AL.

qualitative grid. Last, there was a lack of data on recreational
UV exposure and on CLL/NHL risk factors (e.g., exposure
to solvents or pesticides, chronic viral infection history, pre-
vious history of immune deficiency). In conclusion, we re-
port an association between nevi frequency and CLL/
NHL risk, suggesting a partly common genetic etiology
of these tumors. Future research should investigate com-
mon pathophysiological pathways that could promote the de-
velopment of both skin carcinoma and CLL/NHL.
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